Background/Introduction: Nutritional studies have indicated a critical role of dietary habits in development of cardiovascular diseases (CVD). Aim: We aimed to compare the risk of coronary artery disease (CAD) in habitual 'breakfast skippers' with those of 'habitual breakfast eaters' in Western part of India. We also planned to compare the cardiometabolic profiles of both the groups. Design: In this prospective, case-control study of 1607 individuals; 980 were patients of CAD (cases) undergoing various cardiac interventions for revascularisation and other 627 were healthy individuals (controls) who were free from CAD. Methods: Details of demographics and classical risk factors were collected for all the participants. Subjects were categorized as 'breakfast eater' or 'breakfast skippers' according to their response to the questionnaire. Logistic regression and correlation analysis were performed to assess the independent risk of all the factors and their inter-variable association. Results: Significantly (P < 0.05) high prevalence of classical risk factors and breakfast skipping habit was found in cases when compared with controls. Diabetes showed the highest odds ratio (7.296; 95% confidence interval (CI) 4.825-11.030; P < 0.0001) for CAD, followed by hypertension (3.756; 95% CI 2.891-4.881; P < 0.0001) and habits of smoking/tobacco/alcohol consumption (1.914; 95% CI 1.528-2.398; P < 0.0001) and breakfast skipping 1.348 (95% CI 1.076-1.689; P < 0.0001). Breakfast skipping emerged as stronger risk factor than obesity and sedentary life style in Indians and showed close association with presence of hypertension. Discussion/Conclusion: Habitual breakfast skippers are at increased risk for development of CAD and hypertension in Western India.
Introduction
India is facing an epidemic of cardiovascular diseases (CVD) with an estimated age-standardized CVD death rate of 272 per 100 000 population that is considerably higher than the global estimate. In 2016, Prabhakaran et al. drew attention towards some important aspects of the CVD epidemic in India such as its accelerated build-up, increased prevalence of premature CVD in the population, and higher mortality rates. 1 Complexity of the problem is greater in Indians as the majority of the conventional risk factors fail to explain the steep increase in disease incidence in Indians. Dietary and metabolic research indicates that the discrepancies in CVD incidence and associated mortality in Indians are not merely limited to the classical risk factors but it is deeply rooted in the distinct dietary patterns of this ethnic group. 2 Globally, nutritional studies addressing 'Diet-disease relationship' have come up with holistic preventive strategies for CVD for various racial groups, which could play a potentially vital role in Indians too. Albeit it is commonly stated that breakfast is the most important meal of the day and it is being traditionally included in the concept of 'Community specific healthy eating' worldwide, decline in breakfast consumption is being witnessed in recent decades. [3] [4] [5] [6] Moreover, none of the preventive or nutritional guidelines have proposed evidence-based recommendations in terms of eating habits in adults (timing, quantity, caloric content and frequency). A study conducted on Americans by Harvard School of Public Health researchers showed that the risk associated with skipping of breakfast persist even after neutralizing the effect of other dietary and life style risk factors. 7 Higher prevalence of cardiometabolic risk factors are obesity, high blood pressure, high cholesterol and diabetes was also observed in breakfast skippers when compared with their counterparts, which may ultimately increase the risk of CVD in the population. For Indians, few scattered research has stated an accentuated role of breakfast consumption in cardiometabolic diseases, though primarily data are limited to children and adolescents [8] [9] [10] only and hence no specific dietary recommendation related to breakfast in Indian population has been framed till date.
The current prospective, case-control investigation was designed to study the role of breakfast skipping in development of coronary artery disease (CAD) in Western Indians. The primary hypothesis of the study was to study that whether habitual breakfast skippers are at increased risk of developing CAD when compared with their counterparts. Secondary hypothesis was to investigate the association of breakfast skipping with prevalence of cardiometabolic risk factors in Western Indians.
Materials and methods

Study participants
We recruited 1607 individuals for this study, of which 980 (cases) were adult patients of CAD (>18 years of age) undergoing various cardiovascular interventions for revascularisation between the months of January 2016 and January 2017 in a Tertiary cardiac care hospital of Western India. The diagnosis of CAD was confirmed using angiography, and stenosis of >70% were considered as significant. Control population (n ¼ 627) who are free from clinical evidence of CAD were included as the comparator arm. We excluded patients if they were pregnant or had history of any major illness including CVD. Voluntary participation and written informed consent was obtained for all the participants. The study was reviewed and approved by the Institutional Ethics Committee. Basic demographic information, details of comorbidities, past medical history, individual income, smoking habit, body mass index (BMI) and physical activity levels (</!30 min) were collected for all participants who were approached.
Habitual breakfast skippers
Categorization of the subjects according to the frequency of breakfast eating was done as per previous reports. 11 Individuals were labeled as 'habitual breakfast eaters' if reported to eat breakfast !5 times a week in response to a question-'In past week, how many days did you eat breakfast?' Response of this question was documented as a continuous variable-absolute number of breakfast consumption days per week. Subject were identified as 'habitual breakfast skippers' if they reported to eat breakfast 2 days/week. Moreover, majority of our responders were either taking regular breakfast (five to six times in a week) or skipped it only for 2 times in a week and hence our population was categorized in to 'breakfast eaters' and 'breakfast skippers'. None of the enrolled participant was on dietary modification or on medication for the same.
Statistical analysis
Statistics was performed using Statistical Package for the Social Sciences (SPSS) 22.0 (Chicago, IL, USA). As the data were normally distributed, univariate analysis of the continuous data was performed using Student's t-test, whereas v 2 test was used for the categorical data. Logistic regression model was applied to measure the strength of risk factors in predicting CVD. Correlation analysis was performed to assess the inter-variable association. Statistical significance was considered to be present when the two-tailed probability was <0.05.
Results
The details of demographics characteristics and risk factor profile of healthy vs. CAD case was compared and is presented in Individual contribution of particular risk factor for development of CAD was assessed and presented as regression analysis in Table 2 and Figure 1 . Diabetes is found to be the prime risk factor showing maximum odds (7.296; 95% confidence interval (CI) 4.825-11.030; P < 0.0001), followed by hypertension (3.756; 95% CI 2.891-4.881; P < 0.0001) and habits of smoking/tobacco/alcohol consumption (1.914; 95% CI 1.528-2.398; P < 0.0001). The odds ratio associated with breakfast skipping was 1.348 (95% CI 1.076-1.689; P < 0.0001). The subgroup analysis according to breakfast habits was performed and the results are shown in Table 3 . Prevalence of hypertension was significantly higher in breakfast skippers when compared with regular consumers (36.98 vs. 32.18%; P ¼ 0.024). Correlation analysis was performed to assess the relationship between various cardiovascular risk factors (Table 4) . It showed a significant association of breakfast skipping with hypertension (correlation coefficient ¼ 0.05; P ¼ 0.043).
Discussion
We could not identify any published study that reports prevalence of breakfast skipping habit and its correlation with CAD and other cardiometabolic risk factors in Western part of India. Our primary finding suggests that apart from classical risk factors of CAD breakfast skipping is an independent associate of CAD in Indians. We found that habitual breakfast skippers are at 1.34 times (P ¼ 0.009; 95% CI 1.076-1.689) higher risk of developing CAD when compared with breakfast eaters. One of the alarming finding of the study is that, the habit of skipping the breakfast imparts more risk than physical inactivity (odds ratio: 0.520; 95% CI 0.413-0.656; P < 0.0001) and obesity (odds ratio: 0.670; 95% CI 0.534-0.841; P ¼ 0.001) in Indians. Breakfast skippers also demonstrated greater tendency of development of hypertension as indicated by higher correlation coefficient (0.05, P ¼ 0.043).
Until recently when emerging diet and nutritional studies have shown critical role of food habits in the occurrence of many chronic diseases including CAD, dominant focus of preventive strategies was to control conventional risk factors of CVD such as hypertension, diabetes and obesity. Newer theories advocate involvement of complex mechanisms such as lack of dietary antioxidants, life style risk factors and abnormal metabolism of lipoproteins facilitating elicitation of inflammation and low density lipoprotein oxidation-fundamental processes involved in CAD development. 12 A variety of hypothesis have been proposed till date on how skipping of breakfast may induce cardiometabolic abnormalities ultimately leading to CVD. Some of them are (i) skipping breakfast disturbs the cycle of release of appetite-related hormones causing change in dietary patterns. These changes are known to be the central triggering factors of cardiometabolic abnormalities. This may cause decreased satiety and increased food consumption later in the day inducing obesity and insulin resistance. 13, 14 Studies show that breakfast eaters had improved response to lunch meal with increased sensitivity to insulin. Correlation is significant at the 0.01 level (two-tailed).
They also tend to have higher hunger and lower satiety when compared with breakfast skippers. 15 (ii) Arora et al. showed that when compared with breakfast skippers, intake of dairy products, fruits and vegetables is one to five times more among daily breakfast consumers. Thus, habitual breakfast eaters have nutritionally better quality of food choices in other meals too when compared with skippers. 9, [16] [17] [18] Few data from developed countries showed that habit of breakfast skipping is highly associated with other ill dietary practices such as higher consumption of fatty snacks and skipping of other meals. 19, 20 (iii)
Skipping breakfast might also induce deleterious changes in lipid levels leading to increase in atherogenic lipid-low density lipoprotein cholesterol through higher b-hydroxy b-methylglutaryl-Co A reductase and, therefore, atherosclerosis.
21
The possible explanation for association of hypertension with breakfast eating could be the cumulative impact of all the four above-mentioned mechanisms, which suggests that regular breakfast eating might control cardiometabolic risk factors, attenuate gene expression of inflammatory markers such as interleukin (IL)-10 receptor a and tumor necrosis factor-a in subcutaneous adipose tissue 22 and avert postprandial impairment of vascular reactivity in response to a high-fat meal. 23 The strength of current study is larger in sample size and proposal of novel findings specific for particular ethnic population. To the best of our knowledge this is the first prospective report providing an evidence for association of breakfast with cardiometabolic health of adult Western Indians. The potential limitations of the study are (i) case-control nature of the study hampers the assessment of intervariable association. (ii) We could only include population from Western India and India being culturally diversified country with variety of dietary rituals being practiced the applicability of the findings should be investigated in other regions of the country.
Conclusion
Breakfast skipping is one of the important risk factor of CAD and hypertension in Western Indians, and the strength of this negative association is even greater than obesity and sedentary life style in this ethnic group. Considering these findings, appropriate preventive interventions could be designed to promote daily breakfast consumption in this population.
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